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WI ABSTMCT 

Method and apparatus for optically detecting an object 
within close proximity to a structure surface, e,g.. the 
nose of a torpedo or claw of a robotic arm, and generst- 
ing a responsive control or command signal. A curie of 
ii&t is emitted from the structure surface to illuminate 
any object coming within irs field. Light reflected from 
that object to a receiver is processed to generate a re- 
sponsive first electrical signal. This first signal is further 
processed to generate a second signal, control or a com- 
mand signal, only after the first signal has decreased to 
around 30% of its peak level indicating [fiat the object 
has cfased to within a predetermined distmce to the 
structure surface. 

11 Claims, 4 Drawing Sheets 
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FIG, 6 illustrates in graph form calculated predic- 
4 

1 tions of standoff distances for the optical proximity 

P 
detector versus numerical apertures (NA) and separa- 
tion spacing between sending and receiving optical fiber 
ends. 

detection of a target and provide a control or command 
signal to fire an explosive charge (not illustrated) within 
the torpedo. 

FIG. 7 is actual test results in graph form illustrating 
the magnitude of the return (reflecting) signal for a fiber 
having a numerical aperture equal 0.65 at three different 
stand&’ distances. 

DETAILED DESCRIPTION UF THE 
INVENTION 

Refer now to the drawings for a more detailed pre- 
sentation of the invention. There is shown in FIG. 1 a 
schematic: illustration of a pair of optical proximity 
detectors applied to the gripper claw a rob&c arm In 
FIG. 2 the optical proximity detector is applied to the 
nose of a torpedo shown approaching the hull of a sub- 
marine or ship. 

While the inventiun has ‘numerous applications for 
detecting objects approaching to within close proximity 
to a structure surface, detailed description will be made 
herein concerning its use on a torpedo nose. Accord- 
ingly, in FE 4, the invention is disclosed within a 
setting of a torpedo, identify generally by numeral 10, 
having a nose structure with a flat frontal surface 12. A 
pair of optical fibers 14 and 16 have mpective ends 18 
and 20 terminating substantially flush with the frontal 
surface and facing in a parallel foxvvard direction. Light 
murce 22, such irs light emitting diode, incandescent 
bulb or a lwr diode, is coupled into the other end of 
opticai fiber X4. Its light, once launched into the optical 
fiber, is transported, along the optical fiber until it 
reaches end 18 where it exits in the form of cone 24 to 
illuminate the surface of any object (target) which may 
come within its field of view. The exit angle of the light 
cone is known as the numerical aperture (NA), or cone 
of acceptance, and its magnitude depends upon several 
factors. Thee include the index of refraction of the 
optical fiber core (I$), core cladding (Nz) and the me- 
dium (No) into which the light exits. The angle of the 
exit cone is equal to 2 arcsine NA/No. Where N$-N$ 
is define as the numerical aperture. In air (No= 1) and 
the equation for the exit cone angle reduce to 2 arcsine 
NA). By choosing the type of optical fiber, the exit cone 
angle can be controlled. 

As will be appreciated from a study of the illustration 
in FIG. 4, the standoff distances at which the disclosed 
apparatus *can detect a target (e.g,, A. B, or C) varies in 
accordance with the lateral separation distance betw!een 
optical fiber ends 18 and 20. The closer the optical fiber 
ends are to each other, for example, the closer to the 
torpeda nose structure surface the field of “common 
volume” commences. The greater the separation dis- 
tance the further out the cone of common volume com- 
mences. Another factor controlling commencement of 
the field of common volume and standoff distance at 
which the detecting apparatus is effective is the numeri- 
cal aperture (NA) of the optical fiber ends. This defines 
the angle of emitted cone of light from end 18 and the 
cone of acceptance defining the field of view of teceiv- 
ing optical fiber end 20. 

It will be appreciated that light (both emitted and 
reflected) is dissipated in passing through water for- 
ward of the torpedo nose surface 12. Therefore, there is 
a practical limit ta the standoff distance at which the 
invention arrangement is effective. With the arrange- 
ment illustrated in FIG. 4, the practical standoff dis- 
tance from the torpedo nose at which an explosive car- 
ried by the torpedo can be initiated is from a fraction of 
an inch to several inches. 
- FIG. 6 shows the relationship between the standoff 

distance and the separation spacing between transmitter 
optical fiber end 18 and receiving optical fiber end 20 
for four different optical fibers having numerical apera- 
tures tanging from 0.13 to 0.65. FIG. 7 illustrates the 
results of a series of test. The standoff’ distances are 
shown at the 30% level. In test # t f the transmitting and 
receiving optical fiber ends 18 and 20 were 0.5 inches 
apart. For test #Z’the separation was 1.0 inches, and for 
test #3 the separation was 1.5 inches. The returned 
signal (normalized) was plotted. In each test, the signal 
level was approximately 30% of its peak value at the 
calculated standoff distance. 

Light emitted from end 18 of optical fiber 14 (trans- 
mitting) traverses the medium (water) in front of it to 
illuminate a target, the surface of which is illustrated at 
stidaffdistances A? B, and C in FIG. 4. Light striking 

Referring once again to FIG. 4, it will be noted that 
the cone of emitted light 24 and the field of view de- 
fmed by the cone of acceptance 26 overlap to provide a 
common volume commencing a short distance in front 
of the torpedo nose structure surface* It is within the 
field of this common volume that an illuminated object’s 
reflected light will be accepted by optical fiber end 20. 
Three standoff distances (A, 3, or C) are illustrated in 

the targe!t in any of these positions, or ones intermediate ’ this field of common volume. Further out than standoff 
thereof, is reflected back in many directions, including distance A, so much light is absorbed by the medium 
to input end 20 of receiving optical fiber 16. Light strik- (water) that no reflected light is indicated. However, 
ing fiber end 20 (within its cone of acceptance or field of for an object or target coming within standoff distance 
view 26, 2 arcsine NA) is transported along receiving 55 A there is produced an increasing level of reflected light 
optical fiber 16 to receiver 23 bhotodetector) located at as indicated by signal curv: 36. While more of the target 
its other end. Reference should now be made to FIG, 5 surface reflects light when the target is farther out much 
for description of the electronic processing circuit. Pho- light is dissipate in transmission in both out and return 
todetector 28 (photo diode) converts the light into an legs which may range up to several inches. As the 
electrical signal which is buffered (amplified) to provide 60 standoff distance closes from position A, the magnitude 
a first electrical signal 30. This first electrical signal is af reflected light increases rapidly 3s indicated by the 
then processed by the detector processing circuit illus- rising portion of curve 36. At target standoff distance E3 
trated diagram&ally in FIG 5 Buffered signal 30 is the light reflected to optical fiber end 20 is at its peak 
applied to a peak detector 32 which provides signal 34. level. As the target standoff distance closes still further, 
The output of the peak detector is multiplied by 0.3 at 6~ the level of light reflected rapidly decreases, and at 
the scaler and then compared to buffer signal 30. When standoff distance C (where the field of common volume 
signal 30 has decreased to 30% of the value of peak commences), reflected light is at around 30% of the 
detector M a second signal is generated to indicate peak level at standoff distance B. As the target closes 
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2. The invention according to claim 1 further defined whereby the second electrical signal defines a signal 
by the structure surface being the surface of a robotic for king a warhead aboard the torpedo only after 
grasping claw. . the approached object surface has became closer to 

3.-T& invention according to claim 1 further defined 
by the structure surface 
torpedo. 

b&g the nose surface of a 5 
the torpedo nose surface than in tht common vol- 
ume where maximum light reflection is received. 

7. The invention according to claim 6 further defined 
4. Tht invention according to claim 2 further defined by the frrst ends of the optical fiber pair terminating 

by the optical fiber first ends ‘terminating substantjally substantially flush with the torpedo nose surface. 
adjacent the structure surface of the robotic grasping 8, The invention according to claim 7 further defined 
claw, 10 by a plurality of pairs of optical fibers disposed about 

5. The invention according to claim 3 further defined the torpedo nose. 
by the optical fiber first ends terminating substantially 9. me inventicln according to claim 8 further defined 
adjacent the structure surface defining the fonvard nose by optical fiber pairs having their ends spaced apart 
surface of a torpedo. different distances thereby controHing the short dis- 

6. A proximity detector for use on a torpedo for de- 15 tance to the cones of acceptance common volume. 
tecting the surface of an underwater object being ap- 10. ?‘hc: invention according to claim 8 further de- 
proached by the torpedo nose, comprising: fmed by different optical fiber pairs having different 

at least one pair of optical fibers having first ends cones of acceptance. 
terminating adjacent the nose surface and facing 11. A method of detecting the presence: of an object in 
optically forward thereof; 20 close proximity in front of a structure surface comprk- 

said optical fib first ends spaced apart a selected 
lateral distance so that their cones of acceptance 
mutually overlap commencing a short distance in 

ing the steps of: 
emitting a cone of light in front of the structure sur- 

face fur illuminating any object coming within its 
front of the nose surface to define a common v& field; 
tame; 25 receiving light reflected from the illuminated object 

one of the optical fibers coupled with a light souxff along a cone of acceptance which partially over- 
for emitting light from its first end for illuminating laps with the cone of emitted light commencing 
the surface of an underwater object ahead of the shortly in front of the structure surface to define a 
tofpeda in its cone of acceptance; c~rnm~n volume; 

tbc other of the optical fibers adapted ta receive in its 30 generating a first &ctricaP signal responsive to the 
cane of acceptance Iight reflected from the surfact magnitude of light reflected from an object coming 
of the underwater object coming within the corn- 
man volume of the cones of acceptance and trans- 
port that light to its other end; 

means detecting the transpofied reflected light at the 35 
fiber end and converting it to a responsive first 
electricai signal; and, 

within the field of the common volume; wherein 
said first electrkai signal increases to a peak level 
s the object approaches into the common volume 
and decreases as the object departs the common 
volume; 

pr0cesslng 
and, 
the first electrical signal to provide a sec- 

meam processing the first electrical signal and pro- 
viding a second electrical signal only after the first 

ond electrical signal only after the first electrical 
signal has decreased to substantially below its peak 

electrical signal has decreased to approximately 40 
30% of its peak fevef; 

level. 
* * * * * 
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